Abstract. Facing the impact of rapid urbanization and the problems of environmental deterioration, how to manage the development of landscape and green spaces in rural townships has become an important issue in China. However, how and to what extent can the patterns and changes of green spaces in the rural townships be identified and analyzed in an efficient and timely way remains an unsolved research question. Using the selected rural township in the cold region of China-the Hutou township-as the case setting, this study explicitly examines the changes of landscape patterns and green spaces by employing Remote Sensing (RS), GIS, and landscape indicators. Through a combination of methods including spatial analysis, GIS mapping, and field survey, this study proposes a methodology for systematically monitoring landscape changes in rural townships. After our empirical investigation, this paper reveals several critical problems of landscape management such as a decrease of landscape diversity and an increase in green space fragmentation in the rural township under study. Accordingly, related suggestions on planning actions and policies are provided to improve the situation.
Introduction
Landscape is a living entity, representing the results of continuingly interactions between human beings and the environment. Given the trend of rapid urbanization and an increase of rural-to-city immigration in China, how to manage rural townscape development has become a critical issue. In spite of the importance of this issue, however, relatively few research efforts were made to examine the changes of landscape and green spaces in rural townships in China over past decade. Among the many aspects of rural landscape management, how to monitor and manage green space changes is one key issue influencing the biodiversity, living quality, and environmental integrity of many rural townships. Yet, in lack of suitable analytical tools to examine the patterns, structure, and changes of green spaces and landscape in rural townships, many localities have difficulties in implementing sustainable green space planning. In view of this dilemma, this research attempts to explicitly explore two research questions: (1) How to identify the major types and patterns of land cover and green spaces in the rural townships of China using new spatial analytical tools and image data? (2) How to systematically address the changes of landscape patterns and green space structure in order to develop suitable policies for promoting sustainable townscape development. Using the selected rural township in northern China-the Hutou township-as a case setting, this paper proposes a methodology that can be used to manage the development of landscape and green spaces of rural townships. Through the empirical investigation, it is hoped that some critical planning problems can be identified, and related suggestions are useful for planning policies and actions.
Literature Review
RS, GIS, and landscape metrics are commonly used technologies to address the research issue. Landscape metrics are numeric measurements that quantify the spatial patterns of land cover of a 2nd International Forum on Electrical Engineering and Automation (IFEEA 2015) geographic area. Previous studies have found that landscape patterns, such as shapes, edges, patch densities, and functions of green corridors and landscape mosaics are related to biodiversity and other ecological values of the environment (see e.g., Dramstad, 1996) . Some previous studies also revealed that a disruption in landscape patterns may reduce the functional integrity of an eco-system (e.g., With, 1997) . Therefore, how to develop a systematic approach to examine the patterns and changes of landscapes has become an important issue in urban and rural planning. Thanks to the advance of RS and GIS technologies, these new spatial analytical tools provide a useful framework for examining the patterns and structure of landscape and green spaces. Previous studies on this topic can be classified into several categories: (1) Researches use landscape metrics to analyze the changes of land use patterns and landscape fragmentation in land cover (see e.g., Pôças, 2014; Martinez, 2015) . (2) Their study found that some old districts had smaller and more heterogeneous UGS than newer ones, due to relatively low-quality landscape attributes.
Research Design
The Hutou Township, one of the typical rural township in the cold region of China, is selected as the case setting of this study. The township is located in the Hutou county by the east part of Wusuli Riverside in Hulin City, Heilongjiang Province, looking to the Дальнереченск City of Russia across the river (Fig. 1) . This region had possessed abundant natural green resources and comfortable living environment; however, under the impacts of unmanaged land development, some of the landscape patterns and green spaces are affected. Therefore, how to systematically monitor the changes of landscape patterns and green space structure has become a critical issue for the management of regional landscape. This research integrates a number of research methods, including field survey, RS and GIS spatial analysis, calculating landscape indicators, and land use mapping. Data used include the 2004 Landsat 7 and the 2014 Landsat 8 remotely sensed images, GIS green space maps, Google maps, and field survey data. ENVI 5, ArcGIS 10, and Patch Analyst 5.1 for ArcGIS software were used in the analysis. The procedure of data analysis is shown in Fig 2, and the selected landscape indicators used in the analysis are summarized in Table 1 . Fig. 1 The location and study area of Hutou Fig.2 
Research Result
The data analysis of this study includes several steps (see Fig. 2 ). First, the 2004 and 2014 images were geo-referenced to the UTM coordinate system using the ENVI software. Eighteen ground control points were used for geometric correction. Atmospheric correction was then conducted. To identify the basic patterns of land cover and green spaces, NDVI analysis and several classification methods, including supervised classification, unsupervised classification, and the principal component analysis were used. NDVI analysis was used to help identify the green resources, and a threshold of 0.2 was used to build green space polygons. The green space polygons were then compared with the image classification results to help identify the basic types of land cover and green spaces. Post-classification editing with field survey data and NDVI results were also conducted to correct the classification errors. Using the maximum likelihood classifier, six land use categories are identified, including built-up land (including residential, commercial, industrial, and transportation land etc.); water (rivers, lakes, etc.); forest land (deciduous, evergreen and mixed forest, etc.); farm land; grass land (gardens, parks with low tree density, etc.), and barren land. Fifty sampling points for each land use class were selected to assess the classification accuracy. The overall accuracy of the 2014 image is 81.2%, and the overall accuracy of the 2004 image is 78.9%. In the next step, Google maps and the land survey data were used to conduct the post-classification editing and create the final land use map. The results are shown in Fig 3 and Fig. 4 . Fig.4 , in Hutou, forest land covers the largest area (47.11%), followed by grass land (14.38%), water spaces (13.98%), farm land (13.97%), build-up land (7.35%) and barren land (Table 1) were calculated including indicators measuring the characteristics of patch density, shape, diversity, and fragmentation of landscape. As shown in Table 2 , one can notes that some of the land use patterns of Hutou township have been changed in the past decade. The number of patches and the amount of barren land, for example, have grown rapidly, while the diversity of landscape and green spaces was reduced, both in built-up areas and in surround natural areas. Consistent with several other related studies, our research shows a trend of increase in landscape fragmentation and decrease in the green space diversity which may subsequently affect the bio-diversity and ecological function of the region.
Conclusions
This study finds several problems of landscape management of rural townships in China, including an increase in the fragmentation of landscape and green spaces, and losses of green space diversity in accompany with land-use changes of the township. The results also reveal that the multiple-temporal analysis integrated with RS, GIS, and field survey provides an operational tool for analyzing the relationship between landscape changes and land development in rural townships. Given that the problems of landscape fragmentation and loss of green space diversity identified in this study, the results reveal that more comprehensive green space policies and planning actions are necessary in order to mitigate the impact of land development on the landscape of rural townships.
